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T h e  L H C  O peratio nT h e  L H C  O peratio n

vv C o m m e n ce  opera tio n  ~  2 0 0 6   ±   ?C o m m e n ce  opera tio n  ~  2 0 0 6   ±   ?

vv p p  co llisio n  a t p p  co llisio n  a t √√s   =   1 4  T e Vs   =   1 4  T e V

vv L o w  L u m inosi ty  period* :L o w  L u m inosi ty  period* :

rr First  3  years  at  L  =  10First  3  years  at  L  =  10 3333   c m  c m -2-2  s s -1-1

rr ∫∫  L  =  10  L  =  10  fbfb -1-1  p e r  year p e r  year

vv H i g h  L u m inosi ty  period* :H i g h  L u m inosi ty  period* :

rr S u b seq u e n t  years  a t  L  =  10S u b seq u e n t  years  a t  L  =  10 3 43 4   c m  c m -2-2  s s -1-1

rr ∫∫ L  =  100   L  =  100  fbfb -1-1  p e r  year p e r  year

rr Interact ions  per  cross ing =  23Interact ions  per  cross ing =  23

*   subject to  change*   subject to  change
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T h e  P h y sics ProgramT h e  P h y sics Program

vv R ich  p h y sics program  a t  t h e  L H CR ich  p h y sics program  a t  t h e  L H C

rr From  p recisio n  m easurem e n tsFrom  p recisio n  m easurem e n ts

rr T o  p robing  for  phys ics  beyond the  S tandard  M o d e lT o  p robing  for  phys ics  beyond the  S tandard  M o d e l

vv O rig in  of  EW  sym m etry  b reak ing:O rig in  of  EW  sym m etry  b reak ing:

rr F u ll mass  range sensi t iv i ty  for  SM  H iggsF u ll mass  range sensi t iv i ty  for  SM  H iggs

rr S e n sitiv ity  in  a  large  param eter  sp a ce  for  M S S M  H iggsS e n sitiv ity  in  a  large  param eter  sp a ce  for  M S S M  H iggs

rr S e n sitiv e  to  a l ternate  scenarios : S e n sitiv e  to  a l ternate  scenarios : 
D e tect stru c ture  in  W W  scatter ing  am p litu d eD e tect stru c ture  in  W W  scatter ing  am p litu d e

vv S u p ersy m m etryS u p ersy m m etry

rr D isco v e ry straightforw a r d  f o r  MD isco v e ry straightforw a r d  f o r  M S U S YS U S Y  ~  1  T e V ~  1  T e V

rr T h e  C h a lle n g e :T h e  C h a lle n g e :    Prec ise  SU S Y  m easurem e n ts   Prec ise  SU S Y  m easurem e n ts
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T h e  P h y sics Program   (2)T h e  P h y sics Program   (2)

vv T o p  F a ctoryT o p  F a ctory

rr 8  m illio n  8  m illio n  tt tt p a irs p e r  year  a t lo w  lum inosityp a irs p e r  year  a t lo w  lum inosity

rr Prec isio n  m ass m easurem e n t Prec isio n  m ass m easurem e n t ((∆∆m  <  2  G e V )m  <  2  G e V )

rr Detai led s tudy of  propert ies ,   rare  decay searchesDetai led s tudy of  propert ies ,   rare  decay searches

vv B -Phys icsB -Phys ics

rr 1010 1212   b b   p e r  year  b b   p e r  year

rr C P  v iolat ion,   BC P  v iolat ion,   B ss  osc illatio n s,   rare decays osc illatio n s,   rare decays

vv E lectro w e a kE lectro w e a k

rr 300  m illio n  sin g le W   300  m illio n  sin g le W   ((∆∆m  ~  1 5  m  ~  1 5  M e VM e V  w ith   w ith   ∫ ∫L  =  1 0  L  =  1 0  fbfb -1-1 ))

rr A n o m a l o u s  g a u g e  b o s o n  c o u p lin g sA n o m a l o u s  g a u g e  b o s o n  c o u p lin g s

vv Q C DQ C D

rr Q u ark  s u b -stru c ture  up to  Q u ark  s u b -stru c ture  up to  ΛΛ =  3 0  T e V =  3 0  T e V

--

--



S. RajagopalanS. Rajagopalan Physics at the LHCPhysics at the LHC 55

H iggs  BosonsH iggs  Bosons

vv S t a n d a r d  M o d e l  H i g g sS t a n d a r d  M o d e l  H i g g s

rr L E P  II L imit  :   L E P  II L imit  :   mm HH   >   1 1 3 .5  G e V  >   1 1 3 .5  G e V

rr G lobal  Fi t  to  EW  d a t a :G lobal  Fi t  to  EW  d a t a : mm HH    <   2 0 0   G e V   <   2 0 0   G e V

rr F o rF o r  Λ Λ =  P lanck sca le =  P lanck sca le 1 3 0   <   m1 3 0   <   m HH   <   1 9 0   G e V  <   1 9 0   G e V

rr F o rF o r  Λ Λ =  1  T e V =  1  T e V 50  50       <   m <   m HH   <   8 0 0   G e V  <   8 0 0   G e V

rr U n itar ity  c o n straints :   U n itar ity  c o n straints :   mm HH   <   1       T e V  <   1       T e V

vv S U S Y  H iggsS U S Y  H iggs

rr Five  phys ical  states  (h ,   H ,   A ,   HFive  phys ical  states  (h ,   H ,   A ,   H ++ ))

rr mm hh   (lig h test h iggs)   <   135  G e V      (lig h test h iggs)   <   135  G e V    ( M S S M )( M S S M )

rr A ll masses/coupl ings  expressed in  term s of (mA ll masses/coupl ings  expressed in  term s of (m AA , ta n, ta n β)β)
rr E x p e ct  ta nE x p e ct  ta n ββ  <   m  <   m tt / m/ m bb
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S M  H iggs  Product ionS M  H iggs  Product ion
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S M  H iggs :    80  <  mS M  H iggs :    80  <  m HH  <  2 m <  2 m ZZ

vv H  H  →→ b b b b

rr D irect  product ion  hopelessD irect  product ion  hopeless

rr E x tractio n  from assoc ia ted t tH  feasibleE x tractio n  from assoc ia ted t tH  feasible

vv H  H  →→  γγγγ  (direct  or  associated  w ith  W , Z,    (direct  or  associated  w ith  W , Z,  tttt ))

rr Irre d u cib le  background f rom  d iphoton  product ionIrre d u cib le  background f rom  d iphoton  product ion

rr σσmm  ~  1 %   d o m inated by detector  resolut ion ~  1 %   d o m inated by detector  resolut ion

--

--

mH = 120 GeV

∫L=100 fb-1
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S M  H iggs :  80  <  mS M  H iggs :  80  <  m HH  <  2 m <  2 m Z      Z      (2)(2)

vv H  H  →→ Z Z *  Z Z * →→ 4  leptons 4  leptons

rr C lean s ignature  for  mC lean s ignature  for  m HH  >  1 2 0  G e V >  1 2 0  G e V

rr B a c k g r o u n d s :   ZZ* ,   ZZ,B a c k g r o u n d s :   ZZ* ,   ZZ,   tt  tt ,,   Z b b  Z b b

vv H  H  →→ W W *  W W * →→  llνν  llνν
rr C a n n o t reconstruct  the  H iggs  m a s s  p e a kC a n n o t reconstruct  the  H iggs  m a s s  p e a k

rr B a c k g r o u n d s :   W W * ,   W Z / Z Z ,   B a c k g r o u n d s :   W W * ,   W Z / Z Z ,   tttt ,   W+jets,   W+jets

vv W H  W H  →→  llννllννllνν
rr A d d itio n a l  d iscovery  channel ,   Low  b a c k g r o u n d sA d d itio n a l  d iscovery  channel ,   Low  b a c k g r o u n d s

rr C o u p lin g s  on ly  to  gauge  bosons  appearC o u p lin g s  on ly  to  gauge  bosons  appear

----

--
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S M  H iggs :    mS M  H iggs :    m HH   >   2 m  >   2 m ZZ

vv H  H  →→ Z Z   Z Z  →→ 4  lep tons 4  lep tons

rr Most  re l iable  for  d iscovery  up to  700  G e VMost  re l iable  for  d iscovery  up to  700  G e V

rr Z Z  c o n tin u u m  b a c k g r o u n d  r e d u c e d  w ith  h a rd  Z Z  c o n tin u u m  b a c k g r o u n d  r e d u c e d  w ith  h a rd  pp TT Z  Z  cutcut

vv  H   H  →→ Z Z   Z Z  →→  llllνννν
rr Six t im es larg e r  B R  t h a n  Z Z  Six t im es larg e r  B R  t h a n  Z Z  →→ 4   4  ll

rr S / B  i m p r o v e d  w i t h  PS / B  i m p r o v e d  w i t h  P TT (( ZZ )  cu t  a n d  forw a r d  jet  tag) cu t  a n d  forw a r d  jet  tag

rr S e n sitiv e  u p  to  mS e n sitiv e  u p  to  m HH  =  9 0 0  G e V =  9 0 0  G e V

vv H  H  →→ W W   W W  →→  llννjjjj

rr B a c k g r o u n d s :   W+jet ,   B a c k g r o u n d s :   W+jet ,   tttt ,   W W  r e d u c e d  w i t h :,   W W  r e d u c e d  w i t h :

zz H a r d  PH a r d  P TT (W)  cut ,  (W)  cut ,  ∆∆R (jet-jet)    (works  wel l  for  large  mR (jet-jet)    (works  wel l  for  large  m HH ))

zz central  je t  veto   and  forw a r d  jet  tag (selects  central  je t  veto   and  forw a r d  jet  tag (selects  q q  q q  →→  q q H  q q H  e v e n ts)e v e n ts)

rr S e n sitiv e  for  large mS e n sitiv e  for  large m HH  ~  1  T e V ~  1  T e V

--
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O b serv a b ility  O b serv a b ility  of  SM  H iggsof  SM  H iggs



S. RajagopalanS. Rajagopalan Physics at the LHCPhysics at the LHC 1111

S M  H iggs m a s sS M  H iggs m a s s

vv HH   →→  γγ γγ (lo w  m(lo w  m HH ))   a n d  H  a n d  H  →→ Z Z Z Z (*)(*)  (h igh  m (high m HH ))
c o n trib u te to  the  m ass  d e term ination.c o n trib u te to  the  m ass  d e term ination.

vv S y stS y st .  errors  include:.  errors  include:

rr E M  scale =  0 .1%E M  scale =  0 .1%

rr jet  scale =  1 %jet scale =  1 %

rr B a c k g r o u n dB a c k g r o u n d

vv F o r F o r ∫∫ L  =  300   L  =  300  fbfb -1 -1 ::

∆∆m / m  =  0 .1%m / m  =  0 .1%
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S M  H iggs W idthS M  H iggs W idth

vv D irect  measurem e n t  possible  only for  mD irect  measurem e n t  possible  only for  m HH  >  2 0 0  G e V , >  2 0 0  G e V ,
where  intr ins ic  w idth is  comparable  to  detector  resolut ionwhere  intr ins ic  w idth is  comparable  to  detector  resolut ion

vv M easu r e d  w ith  H  M easu r e d  w ith  H  →→ Z Z   Z Z  →→ 4 4  leptons leptons

vv S y s. errors  inc ludes  S y s. errors  inc ludes  
d e tectord e tector resolut ion 
o b tain e d  fro m  Z  w idth

vv F o r F o r ∫∫ L  =  300   L  =  300  fbfb -1-1

∆Γ/Γ∆Γ/Γ ~  6 % ~  6 %
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C o u p lin g  ratios  m easured  f rom  ratio s  o f C o u p lin g  ratios  m easured  f rom  ratio s  o f σσ.B  for  di f ferent  channels.B  for  di f ferent  channels

F o r  exam p le:F o r  exam p le:

W W  W W  →→ H  can  b e  identi f ied w ith  forw a r d  jet  tags H  can  b e  identi f ied w ith  forw a r d  jet  tags

W ork in  progress  (both  in  exper im e n t an d  in  reducing theoret ical  errors)

S M  H iggs C o u p lin g sS M  H iggs C o u p lin g s

2
gHtt

2
HWW W

g (gg H)*B(H )
 ~ ~

g (qq qqH)*B(H )

σ γγ
σ γγ

Γ → →
Γ → →
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M S S M  H iggsM S S M  H iggs

vv Five  phys ical  states:   h,  H ,  A ,  HFive  phys ical  states:   h,  H ,  A ,  H ++

rr A ll masses/coupl ings  expressed  in  term s  of (mA ll masses/coupl ings  expressed  in  term s  of (m AA , ta n, ta n β)β)

vv Search for  the  M S S M  H iggs is  sim ilar  to  SM  H iggsSearch for  the  M S S M  H iggs is  sim ilar  to  SM  H iggs

rr Where  ever  poss ib le ,  the  analys is  use  SM  resu lts af ter  accou n tin gWhere  ever  poss ib le ,  the  analys is  use  SM  resu lts af ter  accou n tin g
for d ifferent  product ion  and decay  ra tes .for  d ifferent  product ion  and decay  ra tes .

rr S U S Y  masses  assum e d  to  be  large  (~1  TeV )S U S Y  masses  assum e d  to  be  large  (~1  TeV )

vv h  h  →→γγγγ &  ( &  ( tttt )h  )h  →→b b  o b serv a b le  over  large  param eter  spaceb b  o b serv a b le  over  large  param eter  space

vv Strong  suppress ion of  H Z Z  a n d  H W W  cou p lin g sStrong  suppress ion of  H Z Z  a n d  H W W  cou p lin g s

rr E n h a n ces  B R  o f  H / A  E n h a n ces  B R  o f  H / A  →→  ττττ,   H / A  ,   H / A  →→ tt tt

----

--
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H / A  H / A  →→  ττττ

vv E x p loit  kinemat ic  and topological  di f ferences  betw e e nE x p loit  kinemat ic  and topological  di f ferences  betw e e n :

rr D irect  Product ion:  D irect  Product ion:    g g  g g  →→  H / A    H / A  →→  ττττ    (dom inant  at  low  tan  (dom inant  at  low  tan ββ))

zz b-jet  veto to re ject  b- jet  veto to re ject  tt tt a n d  b b  b a c k g rou n d sa n d  b b  b a c k g rou n d s

rr Assoc ia ted  Product ion :  gg  Assoc ia ted  Product ion :  gg  →→  b b H  b b H        (en h a n c e d  a t  h igh tan      (en h a n c e d  a t  h igh tan ββ))

zz O n e  tagged  b -jet  (red u ces  W + je t  and Z  O n e  tagged  b -jet  (red u ces  W + je t  and Z  →→  ττττ b a c k g r o u n d s ) b a c k g r o u n d s )

vv C o m b ining s igni f icance  of  both C o m b ining s igni f icance  of  both 
a n a lysis im p roves  overa ll sen s itiv ity :a n a lysis im p roves  overa ll sen s itiv ity :

S /S / √√B  =  1 2 .5 (2.1)  for mB  =  1 2 .5 (2.1)  for m AA  =  1 5 0  (450)  G e V =  1 5 0  (450)  G e V

vv H igh L s ignal  s igni f icanceH igh L s ignal  s igni f icance
is ~  5 0 %  smal ler  than  Low  L  is ~  5 0 %  smal ler  than  Low  L  

for  the  sam e  for  the  sam e  ∫∫LL

--

----
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M S S M   S U S Y   R e a c hM S S M   S U S Y   R e a c h



S. RajagopalanS. Rajagopalan Physics at the LHCPhysics at the LHC 1717

M S S M  H iggs:   m a s s  &  t a nM S S M  H iggs:   m a s s  &  t a n ββ reach reach

vv ∆∆m  ~  0 .1%  w h e re h  m  ~  0 .1%  w h e re h  →→  γγγγ or  H / A   or  H / A  →→  µµµµ o b serv a b le o b serv a b le

vv Signal rates  of  h e a v y  H  is se n sitiv e  to  tanSignal rates  of  h e a v y  H  is se n sitiv e  to  tan ββ
rr ∆∆tantan ββ ~  1 0 -25%  fro m  H / A   ~  1 0 -25%  fro m  H / A  →→ Z Z   Z Z  →→ 4 4 ll           (if observable)

rr ∆∆tantan ββ  ~  5 -15%    fro m  H / A  ~  5 -15%    fro m  H / A  →→  ττττ// µµµµ                  (if observable)
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S U S Y   o r   S M    H iggs?S U S Y   o r   S M    H iggs?

vv I n d e p e n d e n t co n firm atio n  o f  SU S YI n d e p e n d e n t co n firm atio n  o f  SU S Y

vv O b serv a tio n  o f  m o r e  t h a n  o n e  H iggs  in  a  largeO b serv a tio n  o f  m o r e  t h a n  o n e  H iggs  in  a  large
frac tio n  o f th e  p a ram eter  sp a ce .frac tio n  o f th e  p a ram eter  sp a ce .

vv h  h  →→ b b  in  decays  o f  SU S Y  p a rticles b b  in  decays  o f  SU S Y  p a rticles

vv S u p p ressed  H  S u p p ressed  H  →→  Z Z * rateZ Z * rate

vv ΓΓHH  ~  1 0   ~  1 0  (1)(1)  G e V  for  SM   G e V  for  SM  ( M S S M )( M S S M )

rr M easurab le o n ly for  mM easurab le o n ly for  m HH  >  2 5 0  G e V >  2 5 0  G e V

vv E n h a n ced  A / H  E n h a n ced  A / H  →→  ττττ  ( a n d  m a y b e  ( a n d  m a y b e  µµµµ)  rate) rate

vv C h a r g e d  H iggs  C h a r g e d  H iggs  ( H( H ++   
  →→ tb tb  or   t  or   t →→ b H b H   

++
))  p r o d u c tio n p r o d u c tio n

--
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S U S Y  a t th e  L H CS U S Y  a t th e  L H C

vv If S U S Y  e x ists at th e  T e V sca leIf S U S Y  e x ists at th e  T e V sca le
rr gluinos and squarks strongly producedgluinos and squarks strongly produced

rr D istinctive topological decaysD istinctive topological decays

rr Easy to discoverEasy to discover

rr Precision measurements is the challengePrecision measurements is the challenge

vv V a rio u s  m o d e l s  c o n s i d e r e d  b y  A T L A SV a rio u s  m o d e l s  c o n s i d e r e d  b y  A T L A S  &   &  C M SC M S ::

rr m -SU G R A ,   G M S B ,   R P V  m o d e l sm -SU G R A ,   G M S B ,   R P V  m o d e l s

rr S t u d ies most ly  based on fas t  s im u latio nS t u d ies most ly  based on fas t  s im u latio n

vv M a i n  b a c k g r o u n d  is S U S Y  itse lfM a i n  b a c k g r o u n d  is S U S Y  itse lf

rr Necessary  to  generate  ent i re  SUSY cross-sect ionNecessary  to  generate  ent i re  SUSY cross-sect ion

rr +  R elevant  SM  b a c k g r o u n d s+  R elevant  SM  b a c k g r o u n d s
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S U G R A  M o d e l sS U G R A  M o d e l s

vv C h aracterized  b y  mC h aracterized  b y  m 00 ,   m,   m 1 / 21 / 2 ,  ta n,  ta n ββ,   A,   A 00 ,  ,  s g ns g n ((µµ))

vv S U G R A  p o ints  selected  b y  L H C  for stu d y :S U G R A  p o ints  selected  b y  L H C  for stu d y :

vv T o tal  SUSY cross-sect ion:T o tal  SUSY cross-sect ion:

~ few  ~ few  pb pb   (for M  (for M SUSYSUSY  ~  1  TeV ) ~ 1  TeV )

~ 1 ~ 1 nb nb        (for M       (for M SUSYSUSY  ~ 300 G e V ) ~ 300 G e V )

Point m0

(GeV)
m1/2

(GeV)
A0

(GeV)
tanββ sgn µµ

1 400 400 0 2 +

2 400 400 0 10 +

3 200 100 0 2 -

4 800 200 0 10 +

5 100 300 300 2.1 +

6 200 200 0 45 -
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Inclusive  SignaturesInclusive  Signatures

M a n y  c o m p l e x  S U S Y  s i g n a t u r e s :M a n y  c o m p l e x  S U S Y  s i g n a t u r e s :

vv F inal  State  may consis t  of :F inal  State  may consis t  of :

M u lti Jets +   M issing EM u lti Jets +   M issing E TT

+  ( n  =  1 ,2 ,3 ,4)  high P+  ( n  =  1 ,2 ,3 ,4)  high P TT  lep tons lep tons

+  sam e s ign (SS)  lepton pairs+  sam e s ign (SS)  lepton pairs

vv Def ine  Resul t ing  Reach  :Def ine  Resul t ing  Reach  :

SS Require at least 10 eventsRequire at least 10 events

SS S/S/√√√√B > 5B > 5

° %
% ° ° °
° ° ° °
° ° °

0 0

1 2 1

0 0 0 00
2 1 1 1

0 0

1 1 1

or or

  

               

        

 

 

or

 

o

r  

r

o  

g qq

q q q q

l l Z h

l W

χ χ χ

χ χ χ χ

χ χ ν χ

±

+ −

± ±

→

→

→

→
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Estimate  of  Ef fect ive  M assEstimate  of  Ef fect ive  M ass

S/B ~ 10 at high M EFF

Estimate M SUSY  (αα M EFF)

~ 10%  p recision

B a c k g r o u n d s  m o d e led :

W + jet, Z + jets, tt,  Q C D

4
i

EFF T T
i=1

   M  = E  + E (4 hardest   j )   ets∑

--
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Prec isio n  m e a s u r e m e n t sPrec isio n  m e a s u r e m e n t s

v Ident i fy  bottom  o f  decay  cha in

v M easu r e  k inemat ic  endpoints

v D e term ine m a s s e s

v M a k e  fit for  m o d e l  param eters

v T a k ing  SU G R A  p o int  5  as  an  exam p le:

v D e term ine constraints  from  m easur ing  the
k inemat ic  end points  o f    m ll, m lq, m llq

% ° °0 0
RL 2 1q q q ql l l lχ χ
± + −→ → →∓%
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D ile p ton  EdgesD ile p ton  Edges

v T w o  b o d y  d e c a y s  p r o d u c e s  m u ch  sharper  edge  com p a r e d
to  three  body decays .

v Flavour  subtract ion                              
to  red u ce b a c k g r o u n d  &  com b inatorials

v Z  p e a k  v isible  at  large tanβ

v 0 .1%  p recisio n  e d g e
m easurem e n t (100 fb -1)

+( + )e e eµ µ µ+ − − ±− ∓
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Effect  of  tan(Effect  of  tan( ββ))

C o mpar ison  o f  sam e to  d ifferent  f lavour di lepton f inal  s tates :C o mpar ison  o f  sam e to  d ifferent  f lavour di lepton f inal  s tates :

vv A t lo w  tanA t lo w  tan ββ::

vv A t high tanA t  h igh tan ββ,  co n trib u tio n s fro m :, co n trib u tio n s fro m :
rr leading to  di f ferent  f lavour di lepton f inal  s tatesleading to  di f ferent  f lavour di lepton f inal  s tates

° °0 0

2 1 ( , )l l l eχ χ µ+ −→ = ° °0 0

2 1χ χ τ τ+ −→
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llqq  &   &  llllq  q  E d g esE d g es

vv Use  2  hardes t  jets to fit  Use  2  hardes t  jets to fit  
for  for  lqlq   a n d  a n d  llqllq   e d g e se d g e s

Fit to the smaller
of the two llq mass

Error ~ 1%

Lower edge from
the larger llq mass

Longer tail due to FSR

Error ~ 2%
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F ittin g  for  SU S Y  m a s s e sF ittin g  for  SU S Y  m a s s e s

vv Genera te  random  S U S Y  m a s s e s .Genera te  random  S U S Y  m a s s e s .

vv S o lve  num erically  for  the  end-pointsS o lve  num erically  for  the  end-points

vv   χχ22 fit to  the  m easu r e d  e n d p o ints fit to  the  m easu r e d  e n d p o ints

vv R e c o n s truct  R e c o n s truct  (for  SU G R A  p o int(for  SU G R A  p o int  5 5  &  1 0 0   &  1 0 0  fbfb -1-1 ):):

vv R e c o n s truct  m S U G R A  p a ram eters  :R e c o n s truct  m S U G R A  p a ram eters  :

% ° 0

1:  3%,  :  12%Lq χ± ±

0 1/2:   1.4%,  m :   0.9%,  tan :  5.5%m β± ± ±

°
°

0

1
0

1

M( )

M( )

χ

χ

∆%
%

M(q)

M(q)

∆
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hh →→b b   b b   S U G R A  S U G R A   sig n atures sig n atures

v Prim a r y  p r o d u c t i o n  m o d e :
M o s t  o f  S U G R A  p a r a m e t e r  s p a c e  c o v e r e d .M o s t  o f  S U G R A  p a r a m e t e r  s p a c e  c o v e r e d .

vv mm 00  =  4 0 0 ,   m =  4 0 0 ,   m 1 / 21 / 2  =  4 0 0 ,  ta n =  4 0 0 ,  ta n ββ =  2 =  2

S / B  ~   4 :1  for  S / B  ~   4 :1  for  ∫∫  L  =  3 0L  =  3 0  fb fb -1-1

° °0 0

2 1 h( bb) χ χ→ + →
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G a u g e  M e d iated  M o d e lsG a u g e  M e d iated  M o d e ls

v A n alys is  approach s im ilar  to  SU G R A

Reconstruct masses from  k inematic endpointsReconstruct masses from  k inematic endpoints

v T h e  follow ing  points  have  been  s tudied :

P 1 :P 1 : T w o  h a rd i so la ted  photons  :  SM  T w o  h a rd i so la ted  photons  :  SM  b k g  b k g  n e g lig iblen e g lig ible

P 2 :P 2 :  N L S P  d e c a y  in  tracker  for  fract ion of  events N L S P  d e c a y  in  tracker  for  fract ion of  events

P 3 :P 3 :  effect ively 3   effect ively 3  N L S P sN L S P s          :  Mult iple  leptons in  f inal  s tate         :  Mult iple  leptons in  f inal  s tate

P 4 :P 4 :  L o n g  liv e d  s lep tons  are   L o n g  liv e d  s lep tons  are  µµ-lik e  b u t  wi th  -lik e  b u t  wi th  ββ <  1        <  1       ..   
M easure s lep ton  m a s s e s  u s i n g  T O FM easure s lep ton  m a s s e s  u s i n g  T O F

ΛΛ
(TeV)

Mm

(GeV)
N5 NLSP cττ

(km)
x-sec
(pb)

90 500 1 χχ0
1 ~ 0 7.6

90 500 1 χχ0
1 ~ 1 7.6

30 250 3 stau ~ 0 23

30 250 3 stau ~ 1 23

°
R 1R(e ,  ,  )µ τ% %
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N L S PN L S P   L ifetim e  m e a s u r e m e n t  L ifetim e  m e a s u r e m e n t

A T L A S :

N o n -point ing  photons  in  EM  C al:

 ∆θ =  7 0  m rad / sqrt(E)

F o r cτ =  1 .1  km  &  10  fb -1

  152,000 χχ1
0 are produced

  180 decay in tracker

  94 detected (52%  eff)

If n o  n o n -point ing  photonsIf n o  n o n -point ing  photons

are  d e tected  in  30  are  d e tected  in  30  fbfb -1  -1        L o wer  l im it ofL o wer  l im it of

cc ττ    ~  1 0 0  k m  a t  9 5 %  C L~  1 0 0  k m  a t  9 5 %  C L
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E x tern a l  Constraints?E x tern a l  Constraints?

vv L E P II :L E P II :       m h  >  1 1 3 .5 G e V   favours  tanβ >  5 ?

vv g-2  (E821)  :g-2  (E821)  : sugges t low spart ic le  masses  ( for  tanβ <  5 0 )

vv b  b  →→ s s γγ : :  2 .33  x  10 -4  <   B R (b → sγ)   <   4 .15  x  10 -4

rr C u rrent  data  favours  C u rrent  data  favours  µ  µ  > 0> 0

vv C o smological  constraints  :C o smological  constraints  :   Ωχh 2  <   0 .3

èè are  cons iste n t  wi th  each  otherare  cons iste n t  wi th  each  other

èè c o n strain the al lowed reg ion  o f  the  m S U G R A  spacec o n strain the al lowed reg ion  o f  the  m S U G R A  space

èè S h o u ld s ignif icant ly  narrow  the  p laying f ie ld for  LH CS h o u ld s ignif icant ly  narrow  the  p laying f ie ld for  LH C

( ) -1
2

1 0- 0 = 42  
100 4

a    15 10 16 tan 1 l 1n 0 
m

m mµ
µ

αδ β
π

  ± × −      
± ×



%; %
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C o n stra ints  on m S U G R AC o n straints  on m S U G R A
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C o n clus ionC o n clus ion

    “ E x p e rim e n ts w ith in  the  next  5 -10  years  w ill e n a b le us  to    “ E x p e rim e n ts w ith in  the  next  5 -10  years  w ill e n a b le us  to
dec ide  w h eth e rdec ide  w h eth e r  supersym m etry supersym m etry ,  as  a  solut ion to  the,  as  a  solut ion to  the
n a turalness  problem  o f  weak interact ion,  n a turalness  problem  o f  weak interact ion,  is  a  m y th  or  ais  a m y th  or  a
reality ”reality ”

          This quote appeared in Phys. Reports in 1984This quote appeared in Phys. Reports in 1984


